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SOME TESTS ON MOTOR-DRIVEN DEEP-WELL PUMPS 1 

BY I. W. FlSK AND P. S. BlEGLER 

The data presented in this paper have been collected at the sug- 
gestion of Mr. F. C. Amsbary, manager of the Champaign & Urbana 
Water Company. Originally, the object of the work was to correct 
the low power factor of the power plant load, but other problems 
arose in the course of this investigation, some of which are discussed 
below. 

A preliminary test showed that the generator in the plant was 
overloaded, due to poor power factor of the load. This low power 
factor was undoubtedly due to the fact that the 10-horse-power in- 
duction motors driving the well pumps were, as a rule, too large for 
their loads. They have been replaced by smaller motors as rapidly 
as possible, thus raising the power factor of the system and reliev- 
ing the generating apparatus. 

Table 1 is a summary of data taken March 7, 1917, to show the 
general condition of the pumping units at the present time. From 
similar data attempts have been made to formulate some relations 
between speed of pump and efficiency, length of stroke and effi- 
ciency, etc., but mechanical conditions in the pumps and wells 
apparently play such a large part in the results of the tests that no 
such relations have been shown from these data. It may be ob- 
served that the efficiencies vary all the way from 19 to 61 per cent, 
the average over-all efficiency being 46.4. The efficiencies are low 
when the slips are great, indicating poor condition of valves or pis- 
tons. The last columns are of considerable interest since they 
show the improvement in power factor on the electric motor when 
a 5 horse power motor is used instead of one of 10 horse power. But, 
for these loads, there is little difference in motor efficiencies, the 
results slightly favoring the 10 horse power motor. The measure- 
ments shown in this table were obtained with a good degree of 
accuracy, except those of the head. This was obtained on the 

1 Read before a meeting of the Illinois Section at Urbana on March 14, 
1917. 
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assumption that the water level falls off with the rate of pumping 
water in all wells, following the relation existing between these two 
quantities in Well 10, as shown in Figure 4, the data for this well 
having been taken with great care. In other wells the clearance 
between pump barrel and well casing was too small for the apparatus 
available for measuring head with the pump in operation. 

In testing motor-driven reciprocating pumps considerable diffi- 
culty is encountered from the pulsating character of the work done. 
The current drawn from the line by the driving motor fluctuates 
rapidly as shown by the oscillogram, Figure 1. The steady quantity 




Fig. 1. Oscillogram of Motor Current 

is voltage at the motor terminals, the other curve is the current, 
which is seen to change rapidly during four-fifths of a second, as 
shown in the figure. There are no suitable indicating instruments 
for measuring such fluctuating power or current, but a watthour 
meter may be used for measuring energy over a given period and 
from this the average power may be obtained. For all tests dis- 
cussed in this paper, a rotating standard watthour meter was used 
to measure the average power required by the motors. 

For the measurement of the discharge of the pumps a calibrated 
bucket was used, as shown in Figure 2. This bucket has holes in 
the bottom which may be changed according to the rate at which 
water is delivered by the pump. A glass gage registers the height 
of water in the bucket and this gage reading may be converted into 
gallons per minute by reference to Figure 3. By this means any 
peculiar characteristics of the discharge may be noted which might 
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pass unobserved if the discharge is measured, for instance, by taking 
the time required to fill a tank. This device was originally designed 
by Prof. M. L. Enger, University of Illinois. 

Figure 2 also shows apparatus developed by the authors for the 
measurement of the height of water in the well. It is easily made 
sensitive to a change in water level of 0.1 inch, the only difficulty 
being the small space within the well casing into which the device 
must be lowered to get the water level while the pump is in operation. 
The device is easily lowered into the well when the pump has been 
pulled. 

From the diagram of connections it is seen that when the end of 
the circuit being lowered into the well touches the water, a circuit, 
established through the ground, is complete, lighting the indicating 
lamp. The use of a transformer in this circuit is simply to avoid 
grounding one of the service wires. The needle forms one end of 
the electric circuit and is protected from grounding on the iron 
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pipes by means of a shielding cylinder from which the needle is 
insulated. 

For the reason that it was impossible to get at any definite rela- 
tions regarding pump speed, water discharged, slip and efficiency 
from such data as those shown in Table 1, in which the pumps were 
not all in the same mechanical condition of operation, it became 
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Fig. 4. Effect on Water Level of Speed of Pump 



evident that a more detailed study of one pumping unit might 
yield the characteristics desired. Accordingly, Well 10 was chosen 
for these tests, principally on account of the ease with which the 
water level in it could be measured with the pump in operation, and 
also because the pump in this well' was in average mechanical con- 
dition, having been in service about five years. 
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In order to get at the pumping unit characteristics for a variation 
of speed of pump and water discharged, a number of pulleys were 
arranged for use on the driving motor, of such sizes that pump speeds 
of from 22 to 41 r.p.m. were obtained. The results of this test 
are shown in Table 2. Figure 4 shows the change of the water 
level in the well as the pump speed was increased. It may be ob- 
served that this curve bends down at the higher speeds, that is, 
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Fig. 6. Characteristics of 5 Horse Potter Motor 



the water level goes down faster as the discharge of the pump 
increases. 

Other original data taken for varying speeds of pump are shown 
in Figure 5, from which it is seen that both the power required by 
the motor and the water discharged from the pump are linear func- 
tions of the speed, within the range taken. Due to the changing 
head against which the water is pumped, under these conditions, and 
the change in efficiency of the pumping unit, this direct relation 
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would probably not hold for wider variations in speed. In this case, 
however, the increase in efficiency at higher speeds appears to just 
about offset the increased head through which the water must be 
lifted. 

Figures 6 and 7 show the electrical characteristics of 5 and 10 
horse power induction motors used with these wells. These curves 
are here plotted against kilowatt intake of the motor, since this is 
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Fig. 7. Characteristics of 10 Horse Power Motor 



the readily measurable quantity. It may be observed that the 
efficiency of both motors remains fairly constant over a wide range 
of loads, and that the 10 horse power motor efficiency is slightly 
higher than that of the 5 horse power motor. In the matter of 
power factor, however, it is evident that this may be very low if the 
motor is underloaded. Although low power factor does not lower 
the efficiency of the motor or pumping unit, it has a very serious 
effect upon the generating plant. It may result in drawing full 
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load current from the electric generator although the actual power 
delivered is far less than normal. A further increase of load on the 
system, then, will require additional generating capacity in the plant 
with greatly increased investment and operating expense, and will 
result in only partially loaded prime movers. Even if the electri- 
cal energy for operating the wells is purchased, there is a tendency, 
at the present time, to penalize low power factor in rate schedules 
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Fig. 8. Effect of Speed Variations on Charateristics of 10 Horse Power Pump 



for large customers. It is of first importance, then, to select motors 
of such size that the power factor of the system will be reasonably 
high, or to resort to the use of a synchronous motor for power factor 
correction. 

Figure 8 shows the change in power factor of the 10 horse power 
motor as the discharge is increased (by speeding up pump) from 
about 57 gallons per minute to 120 gallons. The power factor 
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thus changes from a very poor one, at light load, to a reasonably 
good one at high speed. The motor efficiency increases but little 
through this range of loads, but the pump efficiency increases to 
a marked extent and the over-all efficiency curve is practically 
parallel to it. This increased efficiency at high speeds is shown 
from another point of view by means of the curve of economy, kilo- 
watt-hours per 1000 gallons pumped. 

In order to explain this increased efficiency at high pumping speeds, 
curves of slip are shown in Figure 9. It is seen that, with a given 
column of water in the pump barrel and discharge pipe, the water 
will leak past the pistons and valves at the same rate whatever the 
speed of the pump. The nominal slip is here used, i.e., the slip 
calculated on the assumption that the effect of overlapping travel 
of the pistons is zero. The percentage of slip, then, decreases with in- 
creased speed and thus the efficiency rises for high discharge rates. 
The friction losses in the pump head should increase in "direct pro- 
portion to the speed, affecting the pump efficiency but little. 

It is well known that the speed of a reciprocating pump cannot 
be increased indefinitely on account of the increased wear and tear 
involved. But, in a well designed pump, 6ne which runs smoothly 
and with minimum shock, it is probable that speeds might be raised 
to advantage even at the expense of increased maintenance For 
instance, if three wells are in operation and more water is needed 
it might be economical to increase the speed of the three pumps 
and pay a possibly increased operating expense, rather than increase 
the investment by driving and equipping a new well. The increased 
efficiency of the pumps operating at higher speed also makes the 
three well proposition look more favorable. 

In conclusion, the authors feel that the study of motor-operated 
deep-well pumps is worthy of considerable experimental investi- 
gation, and the present paper is only a preliminary report on the 
problem at hand. 



